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Abstract 

Tree volume tables have been recognized as one of the fundamental requirements in forest mensuration and 
management for providing estimates of timber volume to determine sustained yield and periodic increment. 
Mangroves one on important forests available in this country which also produced timber particularly for charcoal 
production. Thus, this study aimed at developing local volume tables for n a t u r a l  m a n g r o v e s  o f  Sungai Merbok 
Forest Reserve in Kedah. Two volume tables were developed for Bakau species (Rhizophora  apiculata  & R.  
mucronata)  and Non-Bakau species (other species)  based on relation between diameter at breast height (dbh) 
and gross stem volume (under bark and over bark). Test of accuracy by means of standard statistical measures and 
relative measures, were made on all equations, where the smallest value of mean square error (MSE) and mean 
absolute percentage error (MAPE) as the criteria for the best fitted equation to develop the local volume table. The 
local volume tables for Sungai Merbok Forest R e s e r v e  were constructed based on "allometric model" which 
were solved by mean of weighted least square (WLS). P r a c t i c a l l y ,  t hese volume table can be applied within the 
area, and not applicable to estimate timber volume in other mangroves areas. Nonetheless, other mangroves areas that 
having similar condition with Sungai Merbok Forest Reserve as natural mangroves may use the volume table until they 
construct for their own. Based on this study, the best fitted equations to construct local volume table for Sungai 
Merbok Forest Reserve are as follows: 

Bakau species: Vob = 0.00045 D2.02248  Vub = 0.00040 D2.04390 

Non-Bakau species: Vob = 0.00088 D1.69929  Vub = 0.00084 D1.70310

Note: Vob = Over bark, Vub =  Under bark and D = dbh in cm 

Keywords: Tree volume; Allometric model; Natural mangroves; Bakau species; Non-Bakau species; Malaysia 

1. Introduction

This study was conducted to derive volume equations and to construct a local volume table for Sungai Merbok Forest 
Reserve in Kedah, Malaysia. The purpose of developing this local volume table was to get an accurate and precise 
estimate of tree volume in order to prepare forest management plan. There are few volume equations and volume 
tables that have been developed for the mangrove forest or a specific mangrove species, these equations and tables 
are applicable to a specific area or forest ecosystem [1, 2, 3, 4]. To date, there has been no research conducted to 
construct volume equation or table for Sungai Merbok which is categorised as natural mangrove forest. Natural 
mangroves means most of the areas are regenerated naturally with very few intervention through planting 
activities. 
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In terms of mangroves distribution in Malaysia, Hamdan [5] reported there was 629,038 ha of mangroves in year of 
2017 as shown in Figure 1. Meanwhile total area of mangroves throughout the country based on state is shown in Table 
1.  

 

Figure 1 Distribution of mangroves in Malaysia over the year 2017 

Table 1 Extents of mangroves in Malaysia in year 2017 

State Mangroves (ha) 

Perlis 49 

Kedah 7,725 

Penang 1,967 

Perak 44,990 

Selangor 20,853 

Negeri Sembilan 1,557 

Melaka 1,241 

Johor 26,818 

Pahang 3,759 

Terengganu 1,571 

Kelantan 422 

Sub Total: Peninsular Malaysia 110,953 

Sabah 378,195 

Sarawak 139,890 

Total 629,038 

Source: Hamdan [5] 
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2. Material and methods 

The study was undertaken in Sungai Merbok Forest Reserve in the District of Sungai Petani, Kedah (Figure 2). It is 
located at the western part of Kedah under the jurisdiction of Central Kedah Forest District. It is the biggest mangrove 
forest in Kedah, which covers an area of 3,076 ha. This represents a b o u t  50% of the total mangrove forest in the 
state. The total gazetted mangrove forest reserve in the state of Kedah is 6,201 ha [6]. Sungai Merbok mangrove forest 
was gazetted as forest reserve in 29.03.1951 and the only sizeable mangrove on the main land. The rest of the sizable 
mangroves in Kedah are situated in Langkawi.  

Generally, mangroves stands in Merbok Forest Reserve is naturally regenerated. Only few compartments 
were utilized sustainably for timber/charcoal production [6]. Larger areas are being used for socio-
economics and ecotourism activities. In fact, Merbok River which is part of the reserve is main water channel 
for transportation among the local people (Figure 3).   

 

Figure 2 Distribution of mangroves in Kedah (Merbok & Langkawi) 

 

Figure 3 General condition of mangroves stand in Merbok Forest Reserve, Kedah 

In preparing this volume table, only trees with 10 cm in diameter at breast height (dbh) and above were considered. 
The number of trees selected was based on diameter classes and species groups. The diameter were divided into five 
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classes, while species group are categorised into Bakau and Non- Bakau. The Bakau group is referred to Rhizophora 
apiculata (Bakau minyak) and R. mucronata (Bakau kurap), while the Non-Bakau is referred to other than the 
both species such as Berus, Tengar, Tumu, Lenggadai, Perepat, Api-api, etc. Number of trees s u g g e s t e d  a s  
s a m p l e  t r ee  in each diameter class and species group is shown in Table 2. 

Table 2 Number of trees suggested as sample tree 

Diameter Class 

(cm) 

Species Group 

 

Bakau 

Non-Bakau 

(Rhizophora spp.) 

Non-Bakau 

(Non Rhizophora spp.) 

10 - < 15 30 20 30 

15 - < 20 50 30 40 

20 - <25 50 30 40 

25 - <30 40 20 30 

>30 30 20 20 

Total 200 120 160 

 
The selection o f  sample tree was based on following criteria: 

 Individual tree for the sample must be straight in bole, 

 The tree with defect such as forking or cankered on the bole was rejected,  

 Merchantable length was measured up to the crown point (i.e. the first live branch that form the tree 

crown). 

The measurements of parameters were done on felled trees. P arameters measured were: dbh in cm, total height in 
meter, merchantable stem length in meter, stem diameter in cm (measured for every two meter interval till the 
crown point) and bark thickness in cm.. The dbh was measured before a tree was felled and taken at 1.3 m above the 
ground level i.e. for the tree without buttress/stilt roots or with buttress/stilt roots less than 1.0 m. In the case of 
trees with buttress/stilt roots of more than 1.0 m, the measurement was taken at 0.3 m above the buttress/stilt roots. 
The measurements of stem diameter over bark were taken at the bottom part of the stem (D 1) and upper diameter 
(D2, D3, D4, . . . Dn.) were recorded along the stem at every two meter intervals. The top diameter of the stem is taken 
at the crown point, which is at the first live branch that forms the tree crown. 

For the bark thickness, the measurements were made by slashing out the bark using "parang" at the place where 
the measurement had to be taken. The bark thickness than was measured directly at notch by meter tape in cm at the 
nearest one decimal place. The bark thickness was measured at the DO, Dl and at every two meters interval along the 
stem i.e. at D2, D3, D4 and so on. 

Data collected were analysed in two stages. The first stage involved computing the volume for each section and 
then summing up for the whole tree. The second stage involved regression analysis i.e. to fit the data to the selected 
equations in order to seek the best volume equation. Two formulas were used in order to compute tree volumes; 
Smalian and Newton formulas. The Smalian formula was used to measure the section of felled tree. However, in a 
condition where three diameter measurements were available the Newton formula was used. Newton formula has 
been recognised as the most accurate formula in calculating timber/tree volume w h i l e  Smalian formula will give 
good accuracy if the stem is divided into short sections [8].  

Smalian Formula : V = h/2 (Ab + Au) 

Newton Formula :  V = h/6 (Ab + 4Am + Au) 

Where; 

V = volume, h = height (length), Am = cross sectional area at the middle of the tree,  
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Ab = cross sectional area at base and Au = cross sectional area at top. 

Construction of local volume equation in this study was based on relation between dbh and volume (volume over 
bark and under bark). Scatter diagram technique was used to examine the relationship between the dbh and volume. 
This technique is the simplest and most commonly used procedure to examining the relationship between two 
variables [ 9 ] . Common regression model known as "power law" or "allometric" was used to construct the local 
volume table in this study. This is one of the commonly used equations to construct local volume table. The volume 
equation (power law or allometric) is given as: 

V = Bo Db1 + Ɛi 

Where:  

V = volume (over bark and under bark), D = diameter breast height (dbh), Bo = 10b0 or ebo,  

bo and b1 = parameters to be estimated, Ɛ = random error with Ɛi ~ N(0, Ϭ2) and i = index of observation i.e. individual 
tree. 

The estimation procedure for estimating the parameters is through Gause-Newton procedure. However this model 
can also be estimated using the ordinary least square (OLS) technique through the transformation into natural log 
(ln) value: 

ln V = ln b0 + b1 ln D 

According to [10], the purpose of transformation is to make the homogenous variance assumption more palatable 
and in the case of failure to have homogeneity of variance, transformation is designed to stabilise the error variance. 
Standard statistical measures requires the determination of mean error (ME), mean absolute error (MAE), sum of 
squared errors (SSE), mean squared error (MSE) and standard deviation of errors (SDE). Under this measure, the 
smallest MSE (or SSE) was normally used as an indicator to choose the best fit of the model. However, the used of 
MSE as a measure of accuracy has few limitations a n d  can also create problems [11]. Thus alternative measures 
have been proposed, which those are dealing with percentage errors. These percentage errors are known as relatives 
measures, which required to determine the percentage error (PE), mean percentage error (MPE) and mean absolute 
percentage error (MAPE). In this study, the MSE and MAPE were used as indicators to choose the best fit of the 
model. 

3. Results and discussion 

Altogether there were 318 sample trees were measured from the study area. Of the total, 128 samples are Bakau species 
and another 190 samples are Non-Bakau species. The dbh for the Bakau species range from 10.1 cm to 39 cm, while for 
the Non-Bakau the dbh range from 10 cm to 60.8 cm. Tables 3 and 4 show the descriptive statistic calculated from the 
samples.  

Table 3 Summary o f  parameters measured for Bakau Species 

Parameter Mean Standard Deviation Min Max 

Dbh (cm) 22.1   6.8 10.1 39.0 

Merchantable volume 
over bark (cm3) 

0.2673 0.1696 0.0415 0.8153 

Merchantable volume 
under bark (cm3) 

0.2514 0.1609 0.0397 0.7946 
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Table 4 Summary of parameters measured for Non-Bakau species 

Parameter Mean Standard Deviation Min Max 

Dbh (cm) 23.1 10.0 10.0 60.8 

Merchantable volume 
over bark (cm3) 

0.2234 0.2202 0.0194 1.4129 

Merchantable volume 
under bark (cm3) 

0.2136 0.2104 0.0162 1.3166 

 

Analysis of scatter diagram shows that there is a non-liner relation between dbh and gross stem volume, both for 
Bakau and Non-Bakau species (Figure 4). This indicates that the selected regression model (allometric) can be used to 
construct the local volume table since the model is a non-linear regression model. Thus, weighted least square 
(WLS) technique was used for estimation which provides efficient and consistent parameters. 

Further analysis was carried out using the WLS on selected non-linear model besides transformation into the natural 
log value, which has been done in the earliest part of analysis. Transformation also one of the appropriate procedure 
that is designed to stabilise the error variance, which can easily analyse through OLS technique. The heterogeneity of 
variance in this study probably due to the variation of tree sizes.. 

 

Figure 4 Scatter diagram for Bakau and Non-Bakau species 

Tables 5 and 6 show the results of accuracy test i.e. for Bakau and Non-Bakau species respectively. The results 
show that the selected model (allometric model) by mean of WLS is the best fitted model to be used in constructing 
the local volume table for the study area. This is shown by lowest value of MSE and MAPE obtained from the analysis. 
In the case of Bakau species, the MSE and MAPE value for gross merchantable volume over bark (V0b) are 0.0017% 
and 0.1271% respectively, while for gross merchantable volume under bark (Vub) are 0.0015% and 0.1260%. 
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Table 5 Test of accuracy on Bakau species 

 

In the case of Non-Bakau species, the V0b clearly shows the lowest value, both in MSE and MAPE for selected equation, 
which are 0.008% and 0.4370% respectively. However, for the Vub only the MSE value for the selected equation 
shows the lowest value. Meanwhile, MAPE for Model 3 (Transformation) shows lowest value but the different with 
the another two equations are not significant i.e. only 0.0001 (compared with Models 1  a n d  2). Therefore, the 
weighted allometric equation is the suitable and best fitting model for both Bakau and Non-Bakau species due to 
the smallest value of MSE and MAPE..  

Table 6 Test of accuracy on Non-Bakau species. 

 

Based on the accuracy test, allometric model estimated by the WLS was selected as the best model for constructing 
the volume equation. This model was used to develop the local volume equation for Sungai Merbok Forest Reserve. 
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The final volume equations t o  co n s t ru c t  t h e  l o c a l  v o l u m e t a b l e  f o r  M er b o k  F o r es t  R es er v e  are as 
follows (Table 7): 

a) Bakau Species 

i) Gross Volume Over Bark (Vob)  

Vob = 0.00045 D2.02248 

ii)  Gross Volume Under Bark (Vub)  

Vub= 0.00040 D2.04390 

 

b) Non-Bakau species 

i) Gross Volume Over Bark (Vob) 

 Vob = 0.00088 D1.69929 

ii) Gross Volume Under Bark (Vub) 

 Vub = 0.00084 D1.70310 

Table 7 Local volume table for Sungai Merbok Forest Reserve 

Dbh (cm) Gross stem volume (m3) 

 Bakau Species Non-Bakau Species 

 *Over bark Under bark *Over bark Under bark 

10.0 0.0474 0.0443 0.0440 0.0424 

10.1 0.0484 0.0452 0.0448 0.0431 

10.2 0.0493 0.0461 0.0455 0.0439 

10.3 0.0503 0.0470 0.0463 0.0446 

10.4 0.0513 0.0479 0.0471 0.0453 

10.5 0.0523 0.0489 0.0478 0.0461 

11.0 0.0575 0.0538 0.0518 0.0499 

12.0 0.0685 0.0642 0.0600 0.0578 

13.0 0.0806 0.0757 0.0688 0.0663 

14.0 0.0936 0.0880 0.0780 0.0752 

15.0 0.1076 0.1014 0.0877 0.0846 

16.0 0.1226 0.1157 0.0979 0.0944 

17.0 0.1386 0.1309 0.1085 0.1047 

18.0 0.1556 0.1471 0.1196 0.1154 

19.0 0.1736 0.1643 0.1311 0.1265 

20.0 0.1925 0.1825 0.1430 0.1381 

21.0 0.2125 0.2016 0.1554 0.1500 
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22.0 0.2335 0.2217 0.1681 0.1624 

23.0 0.2554 0.2428 0.1813 0.1752 

24.0 0.2784 0.2649 0.1949 0.1883 

25.0 0.3024 0.2879 0.2089 0.2019 

26.0 0.3273 0.3120 0.2233 0.2158 

27.0 0.3533 0.3370 0.2381 0.2302 

28.0 0.3802 0.3630 0.2533 0.2449 

29.0 0.4082 0.3900 0.2689 0.2599 

30.0 0.4372 0.4180 0.2848 0.2754 

35.0 0.5971 0.5728 0.3701 0.3581 

40.0 0.7823 0.7525 0.4644 0.4495 

Note: over bark is more common to be used in volume calculation 

4. Conclusion 

Conclusion and recommendations from the study are as follows:  

 The local volume table has been recognised as one of the tools that can be used for providing the estimates 

of volume in a given mangrove area. 

 There was a non-linear relationship between diameter at breast height and gross stem volume for Bakau and 

Non-Bakau species. 

 Local volume table for Sungai Merbok Forest R e s e r v e  were constructed based on "allometric model" 

which were solved by mean of weighted least square (WLS). 

 Every mangrove forest should have its own local volume equation. Practically, the local volume table 

constructed i n  t h i s  s t u d y  is applicable only to Sungai Merbok Mangrove Forest Reserve, however, for 

those mangrove areas that yet to have their own volume equations may use this equations provided relative 

similarity in terms of stands condition and management practices.  
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